Abstract. The auroral absorption spike event, occurring generally at the onset of a substorm, is distinguished by its high intensity and short duration. This paper reports the presence of a fine structure within the spike event. Analysis of selected examples using the Morlet wavelet shows that within the 1-2 min duration of the spike are significant modulations with periodicities in the bands 15-60 s (67-16 mHz), and 5-•0 s (200-•00 mHz), the former being the stronger. The slower fluctuations can amount to more than 10% of the absorption, and they were observed in every example (seven out of nine) in which the spike was moving poleward. They were absent in the other two cases, when the spike moved equatorward. In the examples studied, the 15-60 s absorption pulsations were accompanied by magnetic micropulsations of impulsive type (Pi) having a periodity that was similar or harmonically related. The connection is only close while the spike event is moving. Consideration of the details suggests that both the magnetic and the absorption pulsations are related to the acceleration process at substorm onset, the flt•x of energetic particles into the auroral zone producing the radio absorption being modulated with, though not by, the geomagnetic field variations. The 5-10 s pulsations, which are considerably weaker, appeared in both the absorption and the magnetic records, but in this case with no obvious connection between them.
Introduction
In auroral radio absorption, as observed with riometer, the spike event is one of the more intensively studied features. Its relatively large magnitude and short dura- The imaging riometer at Kilpisj/irvi (69.05øN, 20.79øE, L = 5.9) records at a i s interval, but the data are usually averaged over 10 s or i min to improve the accuracy of measurement. However, the I s data are usable for the more intense events, and this includes many of the spikes, a significant number of which amount to several decibels and may be as strong as 12 or 14 dB. Using these data, Ranta et al. [1999] observed fine structure within two spike events showing periodicities in the range 2 -9 s and 30-90 s.
The study has now been extended to a larger selection of events, and a more objective method has been used to identify and describe the fine structure.
Wavelet Analysis
Auroral radio absorption in nonstationary in the statistical sense. It occurs in "events" of limited duration, and the spectral structure represented by the series of absorption against time changes during the event. The results of a standard spectral analysis, for example by selected. The periodicities that occur, moreover, may well appear for a few cycles only, and further judgment is required as to how to handle this feature. There is therefore a subjective element in the results.
In a wavelet analysis IT offence and Compo, 1998 ], the time series is convolved with "wavelets" of limited duration, and this procedure is able to bring out, within limits of temporal and spatial resolution, the evolution of the spectrum through the event.
The form of the wavelet has to be decided, 
Data
Nine examples of intense but short-duration absorption events were selected for analysis (Table 1) . Micropulsation data, also from Kilpisj/irvi, were available for five of the events. For the other four events the magnetic data were either not available or not of adequate quality. Figure 1 shows the signatures of the absorption events as recorded by the wide-beam. 38.2 MHz riometer at Kilpisj/irvi. Most of these events showed the characteristics of a classical spike at substrom onset, having a sharp onset and being closely followed by a main substorm phase. Examination of the imaging riometer data showed that most of them also had a well-defined poleward motion. (As pointed out by Hargreaves et al. [1997] , all spikes of this kind seem to have a poleward component of motion, whereas the E-W component of motion can be either east-to-west or west-to-east.) Events 1 and 2 were more isolated in the sense that they were not followed immediately (i.e., within about 5 min) by main phase absorption of longer duration, though there was further activity after 20-30 min. The westward motion was dominant in each of these cases, and event 1 crossed the whole field of view from east to west. This event was probably a westward traveling surge (WTS) (of which more later), and event 2 might also have been such. Event 7 has a somewhat different appearence, being isolated but with not such a sharp onset. This event showed equatorward motion, as did event 8. We therefore suppose that these two events may have been of a different kind from the others. These plots. which are at 10 s resolution. do not show enough fine structure on the scale of a minute or less to arouse interest. However, when the 1 s data are inspected, a well-defined fine structure is seen, as illustrated in the lower plots of Figures 2 and 3 . The absorption plotted here is not that observed in any single beam of the system, but is the greatest value over the whole array irrespective of location. This technique separates changes within the event from the effects of event movement (which may also be plotted from the changing position of the maximum). 
Wavelet Spectra
On analysis using the Morlet wavelet (equation (1) Table 2) . Using a logarithmic scale of power density as in Figure 4 , the periodicities in both ranges may be seen together and their incidence compared with the original record of absorption againts time. In this example (event 5) the shorter periodicity occurred in the leading edge of the event and again just following its maximum, but as may be noted from the table, there appears to be no rule about this. While the longer periodicity always appears during the peak of the event, the shorter one can be in the rising edge, near the peak or in the decline.
Event 5 continued for about 5 min instead of the more usual 2 min, and a poleward/westward movement occurred twice. However, the spectral signature noted above was observed only once, during the first part of the event. Evidently, the structure in the later part lacked the coherence for it to be recognized by the 
Filtering by Means of Wavelets
Filtering may be achieved by taking a band of wavelets and performing an inversion; this provides a visual impression of the signal in that band in both amplitude and phase. The bands were selected to isolate the main periodicities noted on the wavelet spectra. In ...! ............... .,.!,,....•.....,.,.! ............... ,..... .......... l ........... !... ............. • ................... ! ............. ! ........ !. ............... ! .............. ! .......... •...•..,.,• ................ ! .......... ...:,, .. Figure 8b ). Since the typical absorption spike lasts no more than 2 -3 min, a sample of 5-6 rain should be ample for studying the structure of the event. Some data, however, were taken over a longer period in order to see whether there is any connection between the respective bursts of magnetic and absorption activity seen as a whole. Event 6 was taken over 30 min. The pulsation begins sharply about the same time as the onset of absorption, and is strongest during the early part of the event before about 300 s, the interval when the absorption is also most intense. However, it is also strong around 900 s when the absorption has declined. and it continues at a significant level as the absorption fades toward the end of the period. (See Figure 9 .) The pulsations may be seen in more detail in the expanded plot of Figure 10 . This also shows that only the early part of the absorption event has the poleward motion typical of the spike event. The later part, after 300 s, may look the same on an absorption-time plot, but the dynamics are different, the absorption patch being considerably more static.
The results indicate that the intensities of absorption and magnetic pulsation are related when the activity begins (i.e., during the poleward-moving spike event) but not subsequently. The two phenomena tend to begin together, but the magnetic pulsation tends to continue for longer. The behavior in event 5, discussed above, is consistent with this. Event 9 tells much the same story, having a well-defined magnetic pulsation not only during the spike event, but also continuing for at least 300 s after the spike event has ended. It is conceivable that the source of magnetic pulsation has moved outside the viewing area of the riometer in these c•ses. Table 3 There has been progress in knowledge of the spike event during recent years. As noted above, some of them indeed have the character of WTS, but in fact some absorption spikes move eastward and the more general characteristic is a poleward motion. It is also now known that the short duration of the spike is not because a narrow band of precipitation moves rapidly overhead, but because the spike itself is of short duration. The new feature reported here is that the spike contains temporal fine structure not dissimilar from magnetic Pi pulsations.
Reports of magnetic micropulsations related to substorm onset generally concern periods of 100 s or more, but the principal fine structure of absorption spikes is 
